
AD-Al07 820 UNIVERSITY OF SOUTHERN CALIFORNIA LOS ANGELES F/ 20/5
LASER KINETIC SPECTROSCOPIC STUDIES OF (A) THE UNIMOLECULAR REA--(1CIU)
AUG 81 R C ESTLER, H REISLER. C WITTIG N00014-80-C-0539

UNCLASSIFIED NL* ImEEEEEEEEEEE
IlfllllflllIEEEEEEEEEEEIP



UNCLA, S SI F 1ED

RE:PORT DQCUXU.*.4TATI1W' PAGE I Al

NOO() 111-8O-.2- 0539 ___ ___ _

TL t ~ ''LASER1 1UN1TIC SPECfOSCO~ 0 1 0 0 CO~rh

OF (a) Till' UNM~l)l CULAR IIEACTLONS OF~ NJ iOALKANS A17NUAL 118 /18
AND (b) Fl.EMENTAR.Y REACTIONS IMRPORTANT 1N-
COMl-BUSTON GN 01 .fr'h v.LLI:

R.C. Estler
11. Reisler N00014-80-C-0539

C. Wittig

pERFORPINiC. C; .5At;I- N. 1,)14N AM)., A O DW t.'i S 1.1.. IIC..A!4 t 1.V H1 . fT W!, ILt. T, 1$

UNIVECRSITY' OF SOUT'HERN CALFORd IAAlA CItIJ.T

UNIVLRSJTY PARK
LOS ANEECA. 90007

<t~ OFFICE OF NAVAL 1 ESEARCil CODE 4731//8
DE PARTIM FIT'. (,, ,AVY 13. NUIcLEV T~ IA

ARLINGTON, W.. 22217 ___ 35

4 I 1NC'A ASSIFTED

e-a CCLA.S 57 C,/.-~ iO ,7dC

D1STRIBUTIO7N OF TEIS 1)OUI4ENI IS UNLII:IED

i i.7 ;7i-F IFVU ti CI ti Ay C 1 ii 0 T ( L! ,,cc nv,, aO.c 0.I i~.~a(.-. c'

JCL NOV 30 19811
~ 9.~t.rWOO (,IIt~ , ,... -c h n e cc e,ty w.icf t£.nlI! 1.j' LSo.J. Db
Photodiss ociation Nitrous Acid

Cembustic,. D
Multiphiotm' Ionizatiol
Licser Pliotolysis

ZG. A ATI'/ k C (011W,'If 'll, tcv , 11 U. It , ~cee" ,, Ihh. ,ril Lv i I,.k ...... b.r

(a) The TmutIiphcrton ionilz~jt ion, (till]) of NO is usedl to prolh, the d\iz ;- of the
;o.photcs.s£oc:Lticf of -O; i onc-colo (t .Perimcn-Tt. The resul.ing MIT Isp.etra

cilear ly :.rId;Q!.tU e 1-1g] internalI. rot ;i.ion:tl cuiriy in tl!i NOfrgcit P

F'101OS 171T (:Ild C2 .- ; 1 V S (1 ;i it 5.V,2 , Di T)f i i;;-l l- it ( h d ;r i c'mn t ti c for zIn t c il
sta'te' (detCriTd11LJ I- (i'f nitrict O :i d. (b) w~c rtepov t ti :iI. tlir_ Y0j recciv' of

1, with Ork1i, as orc ot its prodiict c;;ici s Ci± I CO ). 1
t (-;0;l.vcc] CIL(A.-+ cl'r;i..ion2CCtl [icWT'I-I lar'r pho1-t (,, proc' o tic n

o C.l intepsnec .eI~ n; 1(( -~2(o~rc:c~ fO r (;Ic t i n;s



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

ii



Progress Rep(ort
January I., 19J31 to Auqust 31, 1.983

Contract No. N00014-80--C-0.39

LASER KINETIC SPEVTIPO.',COPIC .'iUD1E; OF (a) TIlE
UNIMOLECUAP. 30)'ACTIONS OF N T..OAL,~iNFS, A".4

(b) ELIEMENTARY IAEACTI(Th2.1 IMPOR'AI,.T IN
COMBUSTION

Principal Investigators: R. C. Estler, 11. Reisler,
and C. Wittig

I. THE UNIMOLECULAR REACTIONS OF NITROALKANES

A. Introduction

Since the unambiguous assignment of a primary step of

any decomposition process relies upon the direct observation

of the primary decomposition products, we have concentrated

our efforts over the past eight months in this area. For

the case of the unimolecular decomposition of simple nitro-

alkanes (e.g. , 1- and 2-nitropropane) , th.is means direct

detection of the possible primary decompos-it.ion products

1IONO and NO2 .

The laser induced fluorescence (LIF) spectrum of NO2

has been well studied over the past decade and muottirloton

ionization (MPI) signatures have recently been reported.

In contrast, HTONO is a very elusive small molecule. The

inability to prepare this molecule in a pure state has, to

date, limited spectroscopic studies. With the obvious

interference.; associated with detecti on by absorption and

mass .qpectro.,copy, effo-Ls to dLect 11O,O have focused on

the techniies of: LIF and IWP1. such studies are fu,:ther

complicated dItue to the photo.y.i>: cf nit :ous avid elc'..

400 nw (the rcjion of Lh: only 1.vown £leeLro;.e ul:.:ion)
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HIONO + hv(X < 400nm) - 011 + NO (1)

A scheme to directly detect nitrous acid might thercfore

require the detection of these photodissociation fragments.

Such studies are feasible using a single laser pulse as

illustrated below in the study of photodissociation of NO 2.

Progress in detecting HONO using these techniques is

summarized below.
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B. Multiphoton I-onization DetectiAon of Photodis.nociation

Fragmients: NO-from NO2

G. Radhakzrishnan, D. Ng, an~d R. C. Estler

The photodissociation of NO 2to the electronic ground

state species, NO and 0, has been the subject of scveral

investigations. The majority of these Studies have indicated

a dissociation mechanism where excess energy is distributed

statistically among product dcgrocs of freedom. Recently,

Zacharias et al. ha-ve monitoyced' the 337 nii (N 2 laser)

photodissociation by one-photon LIF. They have concluded7

that the decay process is nonstatistical in both the

rotational arnd vibrational degrees of fi-ccon of product NO1.

Two-photon LIF has also been used succcssfully as a state

selectivo pro'3 for NO1 in other oodssctin tde.

We have performed a "one-color" experiment where NO2 is

first dissoziated and the resulting NO is then ionized in a

multiphoton transition. Both events tal.e place within the

sairie laser pulse (%-7 nisee). The MPI spectruli of NO producca

in this e.<perimcnt clearly illustrates the elevateO. rotational

temperature of the NO fragment.

In such a one-color experiment the dissociat~inc wave-

length changes as the fragment MPI spectrum is generated. In

the present ease, the excess energy at 382 nm is 'x'1050 cm-

and it varies 150 em over the wavelengcthl region ofitre.

The internal enorcjy of NO.2 al.-o addls Lo the range of exce.s

energia.es _)VA 1 ab]le 0. i~~~ n ;ill ca ';en , on ly the v-0

level of thIe ar!ound st-ate ii ccesrible.
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The experimental apparatus consists of a biased parallel

plate ion cell coupled to a nitrogen pumped dye laser. The

output from tle nitrcklen pumped (0,10 lz) tunable dye laser

(Molectron DI14P) is focused into the ion cel1 by a 25 mm

focal length lens. In thr wavelength region of intcrest, dye

laser pulses are 1-100 ji1 and 11,7 nsec fwhm. Ion curient

pulses are first aml-]ified and then syrc1ronously detected

using a boxcar integrator (PAR 162/164). The data collection

and dye laser sczanning are microcomputer controlled.

The preliminary resulLs presented here arc intended to

illustrate the utility of the MPI technique in monitoring

photodissociation dynam:cs. Figure 1 prescnts the MPI

spectrum of the 6(0,0) ban]d s sLum of a static saiiple of NO,

i.e.,

2 21iv 2 hy +(2NO(X IT) No(c I) No + e (2)

and t:h: NO produced from the dissociation of NO 2 , i.e.,

h 2 2 hv +NO 2 . NO(X F) O - NO(C 11)40 NO + e 1 0 (3)

both at 10 mTorr and 298 K. The use of such low pressures

minimizes the possibility of rotational relaxation of the

nascent distribution. The spectra presented here have not

been corrected for dye laser power variations (-30%, over the

wavelength range of Figure 1, <10% ovr the wave), ngth i,-qion

of Figure 2). The specLrum has been assigned from the

absorption studies of ,igerqvJi-i antd Mi encher and Lhe two-

photon absorption exper~i ,,canL: of Freedrhan. The C2 ji :,rate is

nearly llund's case b (A Q3-4 cm-) with a large A-.typ
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doubling. The doubling, in addition to the spin-orbit split

ground state, cau.ses many of the rotational branches to

overlar, and makes individual linc! intcn.ities di fficult to

detcrmine. However, the o],viou,' rotational excitation of the

NO fragment shown in Figure 1 is easily seen by cxamnlling the

region of the P2 1 band.

Figure 2 shows an expanded spectrumw in the region of the

C2 11 - X211, P21 bandhead. The positions of the P21' Q21' and

Q.I branch lines are indicated. Mcst cf the peals in the 11PI

spectrum consist of two or three overlapI :ng lines. However,

some of the A-doublet components of the P21 branch are

resolvable. In comparing the room temp)erature NO spectrum

with resnect to the "fragment" NO spectrum, it is these high

rotational P2 1 lines which grow in ini:nsity with respect to

the lower rot.aLional lines of the Q br:nch. Assuming the

ion signals aru proportional to tIe square of the laser power

and a two-photon transition line str.:ngt1, the intensities

of the P2 1 branch can be used to obtain an estimate of the

rotational excitation of the NO photodissociation fragment.

Using the resolvable A-doublet components of this branch

(for J = 12.5 to 18.5), we obtain a rotational population

distribution that is well described by a temperature of

1500 K. This compares to 1600 K for high rotational levels

of several vibr.t:ional statcs measured by Zachar as e: al.

To check tho validity of our calculated two-photon line

,;trengths, a similar analysis was performed on the room

temperature spectrum. A rotational temperature of 310 K is
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indicated verifying the analysis procedure. Clearly,

however, accurate determination of such distributions awaits

more detailed analysis and mode] glin of the MPI signal

intensities. Yet, the basis for using MPT as an internal

state probe for nitric oxide is clearly demonrstrated.

Various excess encrgies may be invcst:Ligated using this

one-color technique by tuning the laser to ot'er two-photon

resonances of NO where one photon is to the blue of the 1O2

dissociation threshold, e.g., the 6 (3,0) band system. These

studies are currently underway in cur laboratory.
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C. Detection of NO1 from HONG

in a single la user cexperiivicnL i~i ICA). to thi,;1. dLcaCi lIP 3

in Soct ion 1,, we at Lcmpted to detect L hO>' vil- :-J"'] oi e. mcf

No resultinq from the photodissoc3uti on o" nitrous acId (q io

1, Section A) . Ever thougli thoe iimay L ( ulther suc of NO

present (e.g., NO2 hv NC) + 0), l1b!lJ.JO: ~ : i flO)"2O

is still posLsible if tho intern I state di, tiributio:n of the

resulting NO frziqmen t is differeit. fl(Iml other? SOur:ces.

ExperiLments were performdcc" uc ing eq(-uljj):J-'. li'Abriun iiI'tre.';:

NO + NO A 11 0 - 2110N0 (4)
2 2

Nultiphoton ionizaion spoctra of NO were rocoreed !-

dcscribed previously, but nho\:e-d no ncw :utationcil .tructnr

(ic. , di f f ca2ent f rc.-, t;-)t recordedL, frol ihi NOQ ol: 11C

cimil~exp'ic~ us' ng nu .: Lkwe-pho ton 1'of 11O

for HOCN0 dctccLio-n would certainly snffer from thoL sa>;e

sp-c (:roscopiec contaninoLi on prc)hIems w... Other scxtc-s of 1,1

(par ticularly us.-img ecjuili!briV01 hixtUros ) Will mcar;I thejC IO

resulting from the nitrous zicid photolysis. For theserer~u

detection of No signatures following photodissociation has

been abandoned as a detection scheme for IO'NO.
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D. Detecti on of O11 f[rc-i ]IONC)

Unlike nitric o:ide , the hydroxyl radicalI (the "rocond

product of the nitrous acid p1Iotoly .>,r: ) shil d hive a sin-.q J

precursor, thereby c'Iiminatin-I any maskIincj effcts!

There have been rIuMIC-r1S studie's of thC! os ) htoll 1TF

of 011, particularly in the region of the A 2 YtIf (v 0) (

x21(v"t = 0) transition, "t-309 im.Since this3 trLnx:*t~on occurs

belov the threshol d of the ilONO photoly.s;is , it is all excellent

cancii~latc fur single frecI~iency laser d.- tcct ion.

The experimental arrangcment usedl fcr thesec studies- .vs

similar to that used in the MFI: studies. A flow,., cell is

maintained at a give--n pressurewitl samyle. The outpult Of a

doubled n-i.trogcen-puiiped dye I srpasse's through the cc!]

Crossiligj a v' ewiru Vicd.Th ~ s(2 ~c~c aL the

face- of a phoL omul t-'ip-ier tubeu by a ficl:1.-stop 1L ,'-].!(cd('

telescope. 12PhoLom!ul tiplicer tube pulseos are, processed

identically to MPI pulses (boxcar I njtCcli tion- undler micro-

computer control).

Using tvwo sources for n: Lrous acid, equililbrium mix;tures

and a chemical generator, 3we have observed extremecly weak

fluorescence signals in the region of the A-x O11 transitions.

Since these signals are on the same order of magnitude as the

experimental noise, further studies are necessary prior to

conclusively assigning these signals to hydroxyl radIical. One

reason for the weak, signa).s 1 s the low ouitput powecr of the dlyu

lasecr dnublinj sys-tem. Since this outo'ut is usedl for both

dissociation and inducedI floorescenice, its intensity is a
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critical parameter.

Two experiments are currently underway in our laboratory

to improve the signal-to--noise rati.oc: observed so as to prove/

disprove 011 detec-ion from photodissocatcd JIONO. First,

simply focusing th UV beam with the cell will increase the

intensity and thereby the probability of dissociation and

induced fL!ucxcsence occurring within the laser pulse. A

second procedure currently being implemented3 uses part (Ax25%)

of the pumping nitrogen laser pulse to dissoc:iate the nitrous

acid. This procedure insures a high probability of dissociation.

The probing beam is delayed from ithe dissociatinrg pulse a few

nanosceonds due to optical path differences.
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E. Pj- o Iys i Sotir c

The py rolys isl sourco thA I\? i.1 eu: cd for thie

ni troalhzane do( :-no,: it-J.U tui :i:;farIIqcornpEtIto an

will unde rgo tests shor~tly. Th)e f:ouic CC I simi1 i.- to the

desi.~gn of the high temperature over., of Dag iqIi an and; 1-7bari-On.

A quartz reactor is surreL.nded by a t1!in-vailed (0. 21) - 0. Srnxf)

stainless- steel tube and ruidizmi: Jy hceatecJ up to J 200 C I~

passing a large alternating currort (000 A) throucih L'Ais

surroualding hectottr tulbe. A wat-oldcoppcr j acheLA encloses

the entire oven asse(mbly. Re-sidnce)C,. timcs within1 the roac-tion

can be controlled by flowN, rate arnd/or icncjth of reactLor heated.

P. J. Daqidigian and b. Warizon, J. Chem. Phys. 117,
1487 (1972).



~2 +II. GAS PHASE RE"AC'7TONS OF C 2 11 (AX w 1) 0i~ 21 11 2 AND Cli 4

STUDIED VJI.A TPIME ]hOVDPRODUCT' EMlSSA Oi,-'S

A. M. i.?enlund , F. Sholloolij , 1. e-,sl.cr, and C. Wittig

We report thazt the 300 Kreaiction o~f C 11 with 0 h cs asc

one of its product chnc C.1 (1A) + co 2 (X )~ Biy iuon toyinwj

time rosolvedi Cli(A-X) chiiilm ~cnefo] lowing ls

photolysis production of C. 11 in the prese ncc of 02 we have

measured rate cocfficicnL.3 for recacc'ions of C 2 H with O 21 H2 ,

and CH 4



17

I. INTRODUCTION

The precise identification of the chemical and physical

processes which are germane to the oxidation of hydrocarbon fuels

is an arduous task, and for even the least coT.:plex sy.tems a

myriad of pathways must be sorted out if our understanding is to

be predictive. Experiment.O research has been instrumental in

providing a data base with which calculations can be compared,

albeit not as rapidly as many enthusiasts had hoped. In this

communication, we present measurem. ents of rate coefficients for

the reactions of the ethynyl radical, C 2 1 , with 02, H2, and

CH 4 . This is part of an ongoing research effort in \,,hich

elementary kinetic processes of smbll carbonaceous gas phase free

radicals are st diej by laser kinetic spect1ocy, , odr to

understand certain combustion processes in as much dctail as

possible.

C 2 !1 is an extremely important species in com.bustjoni

environroents, as it contributes to soot forwaticn, 2 and can

undergo a nui.ber of interesting reactions with hydrocarbons. C 2 H

is also abundant in interstellar space.3 The most detailed

spectroscopic information derives from ESR measurements on C2 11

trapped in a 4 K Ar matrix. 4 Measurements of ir spectra have

resulted in tentative assignments, 5 ,6 but to date no electronic

states of C 2 H have been positively identified.
4 Despite its

importance, only a few mea.urements of absolute rate coefficients

and of reactions with oxidizing acents have been reper. ed, 7 ,8 in

part due to the lack of a suitable means by which C 2 H can be

prepared and monitored in well controlled environments.

In separate experiments, we have searched, with high sensi--
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tivity, for C211 abs-orptions- in the region 220 - 700 nri, and fouc3

none. This wac- done by pooyun C21" pxec'ucrr;z. 93x

while iir c& soti nc ahbrorpt ion spoof rz with azLa:hr( p ~ fl3a-1h"

and grat.'ing sptoL r emc-te r. Hfay i n, found no abz orpl :o una , we

procecX 1,d to inveu,,tigate in Sircat cr ccail t'l-icI(1-)cc.i

I un2ncs cenci o -_orved r iosl i'i ouy .Lrty fo1oa iar

multi plc photon dis-soclat ion (h)of C i C!" and FxCcyal al h.encr

in th& r s:c of 0.. It sufl-p-s25c tinat the reaLct ion:

Cfj(x,2 Z-) 4f 3~X)~' c 1

may !!r~~xs I c for tc((.-y(2;iu.I: r a&,bt this

W ZaS rl C n tm r~is focu; of th~erecay r: Exc-sci~v nd noC

cffort v-s maiC( to rt-sol vO theissa at th:aLt i;.iC-.

1L a gonc:r il pra-Ct:ic, it is- 1n-1d-L'!Ci to stucdy rcztioa

kineticL- by oiLo j yp odtcisc'. er , it. i:' s

dcci ra1l a to) mor't or c-1t r-r':coji !. ly the croxa of thc-ecra

species ofr concern. In hecaFse of C,!,, wher e there is no asrro

in the region 2.20 - 700 nm, our in, 11ility to spectrcoscopically monitor

this species dirc(c tj1! h:I sc au!-Cd I'S to go to great lecngths to iusuro

that spe-cies other than C2 11 do not play a role in our eXrper- ime tS,.

Obscr 'z ti rn of timne read 'ved I p~-~ cci l~ineee o

reaction (1) allov.'a us to det~rine)( rz)te, ceffi cienma - for- tho

of C2 11 ( A2 4 by a V.--.r'A Lty o'0f --p1)C Ci C N.ero, wc rceTsxt- rate

coefficicent~s for C2II r e'o\'tl b)y 02, 112 ndCH4. Tho.-e react ants: are

repre~sentativo of larjer classes- of specicr7 v.hi oh are curret it beaina-

sttlii e:3 in our 3 aborotory and will1 be reported in suhu),-equentphli: je
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II. EXPERIMENTAL

In the present experimientu, we rely on the tijiie resci vccd

deteoction of chendiuminc'scent prodiuctE ini aider to monitor r(ec--

tion. C2 1 precursors archtciso~tc in a fluor(sc(nCe

chars.ber. uSinq either the unfocu,'>, ouilput frani an ArP cxi.c

laser at 193 nin (Lumonics, T11 2G2-2 or* Tfl C65-2) ol thoC focu.red

output from a CCO2 TEA laser (Tz-chisto 215G). CP(A-2 ,) chem-.

lun. nescencc is cdetee,?Id at r igh-t aqe to the poo i er

with a phca-or.u~ tipli cr Lube (P]W) w-.hose Output iapo-ss~b

transient dicyi tizer/signal averag:-r corZ;Lination with a inru

gate width of 10 ns. InI ti.me rc1So].VC7 )ed mcasLrcments, a narrow

banczman-s intcerfcrence filter ccentlered at 4132.6 nm (7 lm wh, is

used to isolelte the GJI(L- .) ecmi ssion. Typicall11y, r:OEu)Air'fro.

16-61 laser lfi rincs ar(, averaged2( for ea'Ch :ti.C.ni;;crae

sp~ et rz a ase cjte i ncd u a ne a 0.25 is c e -s mornoch r uta

The sectLra aire obtaianed pc rt-by-poi-il (0.2 nj: S cremeents , C., ;,,m

resolution) &Ynd time integrated sin~ icc64 2 asei firS nrsL

are averaged.- at each w-.aveleng~h act ting.

CO2 ir chemiluinescence (Av3 =1) is monitored at righ1.t

angles to the iphotolysis beam wiith an liiSb detector (Spceletrcni en,

photovoltaic, 77 K, 1.2 cm2 ). A narrow bandpass interfcrence

filter centered at 2300 cmn 1 (120 cm-1 fwhm) is uscd t~o i~o] ate a

par o tL C ,=1 emission. Signc] nfro tbi dotectav- a-c

ainpiif icd and processed with the tranrsient dicit iC ae /I I,,l

averager com'hi nation. Typically, res'-Ilts from 6A los-er fi ri ncs

are averaged for each da-tui-.

The meaEsured rate cocfficient:s should not~ depend (in thec C<,

precursor, an6 to insure- that this is true, we have used a n~e
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of di fferont reuS r polecules in our cxpe(r~ imcntFs.. 12

C2 1IIr, anid C2!C C) were o dsctdwt theI( ;o1.1£3 93 !

output from the 1ArF laser (<25 iv~j cm 2). C2 ~H ris

di ,scci ated w 5t the icc c output froyi Ll r TE'2 e tk"u

to the (001)- (160) P(10) trc--nsi ti on at 9153 em*<- , which oe ~

the anx1 u..i: thie R-L 2 o t he VG (,--C trtc)vbr1:cm

C2 HC,].10

as pcr ref. I).; C2 !CEO v~ r~r3as per- ref. 12. Bohof t~~

as WCll as C? !.2 (A.ixcc)), vwre pr irified 1-y >rLotrpu~1

d is t 1 .a t i, ris . Eap]e P,,-.r it C F wer e .o11f i I. .' " by co: ;J:p 1.i

i r -c c t Lto C'V~£2e L~cta 1D ~je C.'e C LUCt a M, p

f r cr'-~ c: Ce 2. jt r or t o ure.0,(9~i.

A r (9.0 1 Pu e9 999 9 ~ ~~(9*i

used I-i t houLt f tr J, : jj r j i) c t i

In a typ24 CJ cx.p t~ CoP , a r ; x : CCL2t. fl~' wC

C:2i11p cus r 02; and Ar or 1-,- C., i urenit u ya£ 2e3 £2AUV .

through the J.) uore.,ccrnc- " u1 c> -UJi - c .1 02 1)] DeUCPIJ, 1.Q

insure sensibly f i rst oree kin( tics. Constituent prc'ssurcs) arc

typically 1-6 rnTorr of thec C2 H priecursor, 210 -400 rrTurr 02, a""

*Ar or He added to give total pressures of 200 -800 mTorr.

*Observation tmsfor tlhe CH (L->) signal-c are typi cally 3.5 -30 js,

whil urdor thc exper )mc'1;t- 1 Od2tUliercin IAco-, !'=2

emission is montr, the c-rn J ,£fj~on I., Isi rsfo , -1 wtl

signal2 riscti.e of 25 - A.0 0 !s
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III. R E ISU1,T S

Since we are monitoring reactions ,rizhn rin~cnc it

as- iTmpera-tive that we establ i:h mLgou; thr. iderti ty of thec

enitt ing sprc de. Figure I shows a snc;rur:1 ebznc "H

is 6issociat jeK] in th;- prescsncc o)f 0.,. It corsr2to thc

well known A en-iscion spectrum of CH,12 s ho,,, i-n v i-br: &t. j c)!, .

* excitatioi to v':~ 2 The 0,0 O- J 1,1 c %- C c r I~ z s -p othr

*and are no" roiolvLJ in ouL -rp 2t: ThI br a C3 fee erao- ,S

ap,-sLring Zit 43-1 - 43G, m- Fare C-uc to ctsi[to fro::theQ-rc

heac s of the 2,2 hanO, welvl c. f 'on" 1-1): r Ich, .1i no of the
vibration:al band E'L!ternS. E :aonto the 1T S-or t .cvAe g

0 o f Ct tfl Ja 1)~ 65 C to hligh 3k)'.,F of L1.i~ .1. 0,0

arn 1, i_ hr,] Cs. Su ch ci TC Zr I y 0) fi i I abl CI (C -I Im~ ao

srpecto wer \ e(I :Cta ine for a .3. C-)11 pr ecut sot rnclc cui -s imc n o nr

epieria Vj1e dCefer to a future-( publicatkion any do~tz 13 c'

ar 5C Z i L pe Ie Icru we, are p~rj 1ar . ly concu 1!1' 6:i ith

t he po:i t i v e i d c 1 1: if i -.t io n o f the I mc, isso n w:h ic h v.eC w: 1 I L o

Mon-,tor the reaction.

Reaction (1) is but a single channel of the overall reaction

of C2 H %'it" 02:

+ ) ( "'%) prodocts(2

Product channri-Is othecr than react ion (3) will be h ubet of

our fJuture rt-cuv.I ch. In the prs.;cnt cxperimnts, react ion (3) is7

used in order to monitor C2 91 ruenoval, thereby allowing us, to
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meas uro cr zt e coe f i en t s foniY thec. ovor I: a :4 n Lf t> j ith, c

A typ~ical tirac rcso1v,2Ci('>)->5-01 i.:i:

in f ig . 2. T 1ne 6(ica cy p)oti o; s c f] y ft t o ai s ill I,

e xpo 11nnt -i rI, f ror w J.i c 1 1 ac 4 i ir at c oaf ijc f o 1- i

tot al rcaroval (< I'- c1 cO.2~ P i.l~< '~s

variat'ions- of reLoen'.l c i a olis. 'ibol j Zaicl st. s ~ were

obtain:)L 'Te -jG': u4 3 Si.1. tio ) >e

lase-r gv two C02 1: 1 c'4-snw:.1

The saluti en o. t Jcr et:; > cL ia oCl 7

ccive.:aC ' J.rs Ltr a~i L Cm r 2 1l (I o 0

r ca ct3 on of C.,11 v:i hb O.

S cl) 3 c"?

I ~ ~ ~ 1 (tC ------ - -1

x ~exp i" I ~, .r ur' 3~:T-' ~ *~ -

Whore F,5 tIjl is t li iti CC) C, TI cLcc rio,

c o e f f i cie n f or th c i: c c t icmI o f C 2  v.' t h itF7 Pr('.,rso!-, T1  S

the CB (A-X) radiatiLve rate 1.9 x 10 s ~ ~anJ I is the

COrn bilnd rate Of qlUenching andJ diffusij on of CHi (1j). The f il-st

exponc nti n1 terin, in the hraclet~s reroe tw thocay por t i ono

thel( EJs-i ii1 dnry yo e versu i0], I; C s -h i4 rc slc'io:al in

f Jq. 3 . I t is c Ia f r cm fc~ 3 t ha j, t t h r.c o r the; c

va ricuf, C2Bn e' ~c

I t isF aI so rrori 5-jL 1e t c) tecrI.n c k. Ly Tc, w) jto r -,q Co., i
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Ch-:,lt,":i c':c Pec.r' rC', bjc c: 1(. ' .O1h iC)) Ez: c;._ r .. . 0:C3On

lifctI i , t>: r .t " rcoct i"'I! .is ric :fc. in tn .ta ,

than the foll, of the che:ni!Lr;;iS.ncn : ' sic-'., .n c. . to

the ca e of C (J). '21e f I o th . I,..w r c f~ c, L ' 3 1 1 Cr .csc

which rerov, CO2 % (rpotncous emission. dif u-i-on;ucol2isiona! decx t!:7t.on) "c f

not as aif' as in the c1C3.c cf Cic, e, I .:, n" ic
110Ct a E: 'f r C: 1- L' ' 'J I' L< c ) C

1, ,-CC E'-'-: y D~ c r C. c I v C, (c. .c .1...... <v2 .,i..... : l n o ({<-,-

obtcln renlirn, rete,. Theca; t, r:-.

i nh.< 4 - lc:_- 'cu t t t.H) ::n C] s c C.c f.c. tho Cii )

Ce25VC ': .. nrc n3c\-c :t ,_l s in (oC chc 3r,-.',:ic:t with tI ccc_,j (I]:a <-.'" ' [ 1 " .s< C IP b . '' "C

usf < t. C; -.) Cc. 'Os,;. .- bl- T C)' ... ,22 of t7 T& I

rate c ,tr' jcc:] c.<_.vsZ..C....:,,o; th' -'" ' .'> ' -

(".i: C.):. -- c -] - .. r , .

pr evC.v s e t i ate, 9

V,;'her. c-di:inC other rcact nt ,o :, soco.c, tho .:_ .of

reacion +ccc w I2c r c + ,e. ': t',

rat, c C)c 0 i C n t or the a ddc,2 r c ,.ct: Ac i .t 1u1, k is o t-incd

fr o a plot of the CH(x-) s.iqnal dccay rate v- !,j), as

described abov. Pcsul ts fo): H2 and C., ar.e .. in f j 4, ni

the ki thus obtained are (1.2:-0.3)x10 - 2l and (4.81.0) x]- -

cm 3 molec - I s- 1 for 112 and C1 4 , resycctivcly.
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IV. DISCITSSlON

I t i o a b t F I ?-J 2, t to in. ' 1o C):.cx t' C/ E

par tin tvc.,1 p, 3  ri ynlq3r :(ric P. Cnil Y,: 110 C' ',- 0 C'; t

be in exccs- of 7 eV sInce- :i ,. Ii~oc~uLL ( ,jt atio;) cf 6 H

C bod ~* el K.o. o tr I '' ' i i -C ., (3

rux PcI ii' mv n cle.2-' xc03tC thal: the c.:'-~ of C' 210

k .1 wn r 't01 oJj t1 . On', a.

AL- t rf hL. j: :Lc t hE. s bO i iC- b V . F S cp 7' C::,'

!7!i 11 v 0' '-' i'ov! of' p r' . y~ -o.

by L' I: eul 'k0 Ln 1 -0 3. CO Z' 61 , u:) C r c,01c ' or! n :! 3 e,

'LiO0>~ ~ . ~! .~OV ( 1.!L c n z .0 0.

.j ),, p C1 I ~ ti s 2  ~ C. r na:C io I :

the production of CEi(IA). ilcchani sm s invoki--ng i ea ct ions b t wcen

two plhotofragmcnts arc, inconSistent w.ith the data shol'n in figs.

3 and 4, and consecutive reactions canl likewise be eliminated

(e.g., by inspection of the ri se of the Cli(,7) sig~nals-). The fazct

that bL CiL ; CO" Z' P' a,"C

they r j "v eC"Lstr of t 1jr s Z: C: I' C C OV. 1%'( au c' -e Ic ih rt u v

di. s s )c i i,.t i o i u.,; i ng c cS r j1 r m I: "I, r dC.c' -ain e ' l ... o

be quit severe, and CI()hsbeen ob-;cerv cd cs! iiac~n phloi-o-

product in tho diss-occiEA Lion of ('2132 :- a two--phd ~on product evon

using anl unfocused 7.rE P cm. W e chock-d for the pnsr-,ibil ity
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of thl. -nd othertulocrIprcertr)(.- , y ool C.3i fr C2

via LI !-') t-.!, CI~ 1)0 cvi dorn c.. of such a :0cc.5(2I the

floeccc ':cihrare. T 1)c o n Iy a (Il(I t i ori . C, L~ W or ?

considera Lion i!s the A cialer ,- C. B whi. -b l:rhciCI wtd

to Lbc at fa 3 yiuw- snrvb tjl eya rat c -' ly ,2 ccai i

from tho cirounir.6 U -;Ilc thsstatri ' bc, 51)Cd!

tiie L,)% pht 3yr thu i:~ ' t i. cGi

unliL' - a: it wc,j)d he c:c-cV rTPDpoy. .

thereforefoijsfiiInu -'ti -c- aa

s i q, n j 71t. conL cI I-rr in t)he c~ c) 0 r J imS.

~~hc~~ 2cato 1f I c- -oj t ti ocn ' oft

thLI C2  (16 C 7CQ~C a ~ ~ 0C clectrua uc1 cc

on oath, I. r C, I' nb: F7~2( u~3, yra r

to n a t : L 1c ~ < '3c:

c h a n nojyI in thi1 rcg,:iLd, mc asutcrcints of other e) othc rmicI

p r O l 2 c CII 1 nC (O.., CO + CHIO, C20 + off, CHI ( ) + C0 2 ) w~ill be

Most jllUninating. II are curient.y studyvingc the various product

channel-- in T-more. detail, and furthe:r discussion of the mcechamism

of the (:-- .- 0) r.anecti.cr. 3)) c'poeni di a ar

W c, Cof Cn nt Y-a c: h e r(o on a d . : c u Tio c- the c a I. c ,o f thec

rectc~nwhicoh -,.,c iiic'cI20l-Ce. Very little J!s known about the

reactivity of C2 !1, althourlh re ~i\Orat~es for reactIoC.n wi ath

various hydrocai).,ons have bacni reported, 232wThe only otheor

absolu'tc. r ato CcCC jficir-it of wh ich we aro awarv have been
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7weacrurcd by Lang- ;.,-in ~l~ for il,, C), anrI C2 L an(Ic Lx' 1,-ufer

kin b..rfor H-, and C-'1 2 - botll (of thCc tU. ' C -i

detuctio-i techiicluc wich atc not p:rlo I uit-d ~

monit orir'.J fcast r(.K,(tjiori. ' btKt ' '3cLrtv Vi oh

are ,Jovc. L.hcr: tlC<;; wlih x.o hzx't-I

time rc''i( i io LljOWS Us to ob:tairl rc.i U. c at h~ r wor t

tii~e~ so;fig. 2), we lfc;3. or ::cuV

suitalule for: stuC-7 7,c fast r!7 Z"o~ 'J.C A j 2 ~i

ieactivC' , c~aoc iEs 1an .. rhtOftjIVL il(''Ujl

eh,-, r C . o npC, r JC C C. 25 (1. i50 t. o 6l 5.:

circtc. L c, f C IC f2 cl, 25~ ;znc is:i t~o to 111K; fc:.

22

r*C. F-, F. o C I ' C 1' i.c 1 L of0 :C ', n4 F ~ c - .' j . n 'c

T q d tl ' 5 C-1 UuiC' h ZA , C2 byic I I K >K z.. 'C0 ;i JC

indS te tY~i. t- h. co's a1 nb C, C11,; by ( f-t. ab) v u
cP a cL n ily o C2B ciL a'O actr

c2 11>' 4 I X2~ - C2 )12 ( % + (4)

LHq -21 kcal. molV1

1,,1 --23 kcal iol ]

* 13Both rea ct ionls are cx hra and a 13 ove d hy Ltate cor r cal-ti on.

Since C2 11 io a oy- free radil, it: fsioid L cali ly acce~pt trzi;1fci

of an fl-atom 1.s ce ctron. 'Ihi is Si ndoed j nob cL Led bv the fas-t

*reaction rEotcus mcAEzureC.. For exam,,le(, C2 11 is varc reactiv.e thcr
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C2 (NIFg) which is a closed shell species.
2 6 C2 H is also

significantly more reactive than C2( 3Hu ) which is apparently

nonreactive with H2 , and reacts only slowly (k<10 - 1 6 cm 3 molec- 1  - )

with C1t 4 . 2 7

The results we have presented here comprise ,i:ly preliminary

investigations, and studies of C2 H reactions may now proceed in

several directions. We have recently extended our experiments to

include additional C2 1' sou'-cs, (e.g., CF3C2H) and we have also

identified at least one other pathwa.y for reaction (1): the

formation of CO(a'3Z+) at a rate which is in agreement with

those presented here. We feel these recunt results further

strengthen the arguments presented here in identifying C2H as the

reactant spccies, and the result,'- of these exp]eori.ments w I-) c

presented] in future publications. Als, using reaction (1), it

will be straightforward to deter..inr reaction rate coefficients

for several spasier of interest in combustion. This is

particularly necessary since there pieliminalry results show C2H

to bz very rc ctive. Detailed studies of product branching

ratios and of reaction mechanisms should also prove very

illuminating, and such experiments are currently being pursued in

our laboratory.
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TABLE I

Precursors and emissions used in mcasurina the rate coefficient,
k2, for the reaction of C211(L2E ) with 02(>.3z

precursor photolysis emission k2
source monitored (units of 1o -cm 3 molec- ls - )

C2H 2  193 nm CH(A-X) 2.0±0.3

193 nm CO2 (Av 3 = 1) 1.8-0.5

C2 HBr 193 nm CH (L-Z) 2.2±0.3

C2 HCHO 193 nm CH(L-Y,) 2.1,0.2

193 nm CO2 (Lv 3 i:1) 1.9-0.!

ir MPD CH(L-Z) 2.2;0.5

C2ii 3 CIba  ir 14PD Cfl(A-Zx) 2.5-0.2

afrom ref. 9. C2 H is formed via sequential photocyses; the

immediate precursor is C2 HCN.
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FIGURE CAPTIONS

Fig. 1. CH(A 2 A-+X 2 H) chemiluminescence spectrum that results

from the reaction of C211 with 02. This spectrum was

taken with 60 mTorr C2 H2 and 5.'0 mTorr 021 photolyzed

at 193 nm. The mono,-hromator was scanned in 0.2 nm

steps with 0.4 nm resolution.

Fig. 2. Time resolved CII(A-y) chemlumincscence signal following

193 nm laser photolysis of G rTorr C2 132 in the presence

of 300 mTorr 02 and 300 mTorr Ie. Fluorescence was

ob.:.erved through an interference filter ceniered at

42.6 nm. The curve was obtained by averaging results

from 32 laser firings. The initial spie: js due to

window fluorescence.

Fig. 3. The decay rnte of CH(A--X) emision from reaction (1)

vs 02 pressure. C2 1" was gencr~ted by : C2 HCHO

photolysis at 193 nm; /k C2! 2 photo~ysis at 193 ni;

[J C2 fBr photolysis at 193 nm; 0 C2J1CHO dissociated by

ir MPD.

Fig. 4. The decay rate of Ci(l-) emission from reaction (1)

X_ pressure of a0ded reagents: C 2 A CH 4 - C2 H

was gene-oted by phtlysis of C2fl- at 193 nm. i-ie

intercepts incJude contributions duo to cu~nchin,

diffusjon,, reaction with 021 and radiative decay.
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